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The ampullae of Lorenzini, so characteristic of sharks and rays, have been examined by electrophysiological techniques, and were found not only very sensitive to thermal stimuli (Sand, 1938) , but also remarkably responsive to qeak mechanical and electrical stimuli (~u r r a~, 1957, 1960) With these results, the ancient question about the function of these curious sense organs remained, however, unanswered.
Subsequently, Dukgraaf and Kalmijn (1962, 1963 ) made a behavioral study of the electrical sensitivity of sharks and rays. They found 1. that the shark Scyliorhinus canicula and the ray Raja clavata react reflexly to very weak electric fields in the surrounding sea water, and 2. that the ampullae of Lorenzini are the sense organs by which these reflex actions are mediated.
In the following years, Kalmjjn (1966 and unpublished) investigated especially the biological significance of the electrical sensitivity.
It was demonstrated that 1, the plaice Pleuronectes platessa produces electric fields in the surrounding sea water that are sufficiently strong to be detected by sharks and rays, and 2. that the sharks and rays do not only respond reflexly to these fields, but are also capable of using them in localizing the plaice, even if it has burrowed into the sand. 
1232-1233,
To what e x t e n t do sharks and r a y s i n t h e i r n a t u r a l h a b i t a t employ t h e i r e l e c t r i c a l s e n s i t i v i t y ? I n order t o answer t h i s q u e s t i o n i% was n e c e s s a r y 1. t o perform a more extensive study of t h e e l e o t x i c f i e l d s o c c u r r i n g i n sea w a t e r , and 2, t o determine t h e r o l e t h e a e f i e l d s p l a y i n t h e l i f e of s h a r k s and r a y s . The f i r s t h a l f of t h e t h r e e month s t a y a t Banyuls was spent i n c o l l e c t i n g data on these two t o p i c s ,
What i s t h e b i o l o g i c a l s i g n i f i c a n c e of t h e thermal and mechanical s e n s i t i v i t i e s o f t h e ampullae of Lorenzini? Sand and Murray demonstrated t h e thermal and mechanical s e n s i t i v i t i e s i n f r e s h l y k i l l e d specimens o f
which t h e ampullae of L o r e n z i n i were p a r t l y o r even completely sevoxed from t h e r e s t of t h e animals. Moreover, they a p p l i e d r a t h e r u n n a t u r a l t e s t s t i m u l i . However, how do these sense organa respond i n l i v i n g animals t o more n a t u r a l s t i m u l i ? To examine t h i s a s p e o t , a method was developed by which t h e a c t i v i t y of the ampullary nerves could be r e c o r d e d from l i v e , fre.e-swimming s h a r k s , The preliminary r e s u l t s were promising, b u t , due t o l a c k of experimental animals, t h i s method oould n o t be app l i e d e x t e n s i v e l y i n U t r e c h t , Therefore, t h e second h a l f of t h e Lime a v a i l a b l e a t Banyuls was r e s e r v e d f o r these experiments, 2. B i o e l e c t r i c f i e l d s sea w a t e r B i o e l e c t r i c f i e l d s i n s e a water were measured with c a r e f u l l y prepared s i l v e r -s i l v e r c h l o r i d e e l e c t r o d e s and a dc a m p l i f i e r s p e c i a l l y designed f o r t h i s purpose (do -500 kHz). The ac oomponent was r e g i s t e r e d d i r e c t l y , t h e dc oomponent was determined by measuring w i t h t h e r e c o r d i n g e l e c t r o d e s u c c e s s i v e l y i n t h e f i e l d and i n a remote, i n d i f f e r e n t posit i o n , and s u b t r a c t i n g t h e poteritial readings so obtained. This proced u r e y i e l d e d r e l i a b l e r e s u l t s even when t h e dc values were a s low a s a few m i c r o v o l t s , d e s p i t e t h e e l e c t r o d e and amplifier d r i f t i n e v i t a b l e i n t h i s range.
I n p r e v i o u s experiments, i t had become apparent t h a t , i n general, t h e c o n f i p r a t i o n a of b i o e l e c t r i c f i e l d s i n sea water a r e r a t h e r cornp l i c a t e d , and t h a t surveying these f i e l d s i s a time consuming process.
T h e r e f o r e , t h e e l e c t r i c f i e l d s of most experimental animals were determined only a t a d i s t a n c e o f one millimeter from the body wall. The so c o l l e c t e d v a l u e s gave a good i d e a of t h e s t r e n g t h s of t h e b i o e l e c t r i c f i e l d s , and made i t f e a s i b l e t o compare t h e e l e c t r i c f i e l d s of various marine animals.
The measurements were performed on a t o t a l of about 120 experiment a l animals r e p r e s e n t i n g 60 s p e c i e s of 8 phyla. Thus, t h i s r e s e a r c h h a s t o be c o n s i d e r e d a s an i n i t i a l endeavor, and, accordingly, t h e gene r a l v a l i d i t y o f t h e r e s u l t s does not go f u r t h e r than "as f a r measuredtte Pox t h e d e t e r m i n a t i o n of t h e s p e c i e s and f o r t h e nornenalature t h e f o l l o w i n g t e x t was consulted: W e Luther and K. F i e d l e r , Die Unterwass e r f a u n a d e r M i ttelmeerktisten; Paul Parey, Hamburg and B e r l i n , 1967.
CHORUATA : V e r t e b r a t a : Pisces t Osteichthyes Boops s a l p a , Coris j u l i s , Blennius gattorugine, Gobius spec., Scorpaena p o r c u s , Lepadogaster lepadogaster.
I n t h e surroundings of t s l e o s t f i s h e s , t h r e e a l e a r l y d i e t i n m i a ha b l e e l e c t r i c f i e l d s were recordedn do f i e l d a , l~w -f r e q u e n c~ f h J d e (below 20 HZ), and higher-frequency a c f i e l d s (above 20 ~a ) ,
The main do f i e l d s oocurred i n t h e head and g i l l r e g i o n s * The p o t e n t i a l s i n t h e s e f i e l d s were dependent on the c o n d i t i o n of 'the experimental animals and could, i n i n t a c t apeaimens, l o o a l l y a t t a i n v a l u e s up t o 500 V. I n damaged animals, s t i l l h i g h e r v a l u e s were msasured i n P t h e v i c i n i t y of t h e i r wounds, even thou8h t h e wounds wars i n f l i c t e d caudal t o t h e g i l l s l i t s ,
The low-frequency ac f i e l d a were, j u s t a s t h e dc f i e l d s , t k a stronge s t i n t h e head and g i l l regions. The p o t e n t i a l f l u c t u a t i o n s were synchronous with the r e s p i r a t o r y movements, and when t h e s e movements became more vigorous, a l s o t h e amplitude of t h e p o t e n t i a l f l u a t u a t i o n s i n c r e a s e d , Thus, a f t e r a period of induced a o t i v i t y , t h e peak-to-peak valuoa could run up t o 500 V and more,
P
The h i g h e r frequency a c f i e l d s were d e t e o t a b l e only during oantract i o n s of t h e trunk and t a i l musaulature. Judging from t h e i r time course, t h e y oonsisted o f s t r a y f i e l d s of numerous muscls a c t i o n p o f e n l i a l s . A t ~l t r o n g o o n t r a c t i o n a , t h e peak-to-peak v a l u e s were of t h e oxdsr of magnft u d e of some t e n s of miaxovolta.
CHORDATA t Vertebrata a P i s c e s t Chondrichthyes , Scyliorhinus caniuula, Raja spec, ~ Also i n elasmobranoh f i s h e s , dc and low-fxoquency ao f i e l d e were detected. However, t h e s e f i e l d s were a f a c t o r o f t e n weaker than i n t h e t e l e o s t s . The h i g h e s t dc p o t e n t i a l s and t h e h i g h e s t peak-to-peak i n e x c i t e d s h a r k s and r a y s , That t h e s e p o t e n t i a l s appeared so much weaker than i n t e l e o s t f i s h e s i s e s p e c i a l l y i n t e r e s t i n g i n connection
with t h e e l e c t r o r e c e p t i v e f u n c t i o n of t h e ampullae o f Lorenzini, I n elasmobranchs, t h e higher-frequency a c f i e l d s occurring during v i o l e n t c o n t r a c t i o n s of t h e t r u n k and t a i l musculature were about a s weak a s i n t e l a o s t s . The t u n i c a t e s g e n e r a t e d dc f i e l d s which were t h e s t r o n g e s t a t Lhe i n -and o u t f l o w openinga where t h e p o t e n t i a l s a t t a i n e d v a l u e s o v e r 100 y.
Often, i n c l o s i n g t h e s e a p e r t u r e s , one o r more elow, b i p h a s i c ao-I I t i o n p o t e n t i a l s were observed having maximal peak-to-peak values of 
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ECHINODERMATA Antedon a e d i t e r r a n e a , M a r t h a s t e r i a s g l a c i a l i s , E c h i n a e t e r sepos i t u s , A s t s o p e c t e n a u r a n t i a c u s , A s t e r i n a gibbosa, Anseropoda membranacea, Ophioderma longicauda, O p h i o t r i x f r a g i l i s , Ophlura t e x t u r a t a , The echinoderms generally produced only weak do fields which appeared to be quite local and variable. The potentials in these fields normally were not higher than LO V. In some speciesp however, now and
I then values up to 80 uV could be measured. 
damaged o r n o t .
Swnmary of t h e p o t e n t i a l s of 100 V and mores
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Dc p o t e n t i a l s : i n wounded c r u s t a c e a n s , up t o and well over 1000 /1V; i n t e l e o s t s , up t o and more t h a n 500 V; i n some t u n i c a t e s and .
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Ao p o t e n t i a l s : i n t e l e o s t s , p o t e n t i a l f l u c t u a t i o n s i n the respir a t i o n rhythm up t o and over 500 uV; i n some t u n i c a t e a and gastropods, / slow a c t i o n p o t e n t i a l s up t o about LOO V. 
O r i g i n a l l y i t was intended only t o study t h e occurrence of bioe l e c t r i c f i e l d s i n s e a water. I n t h e course of t h e i n v e s t i g a t i o n s , however, sons a t t e n t i o n was a l s o p a i d t o t h e o r i g i n of these f i e l d s , p a r t i c u l a r l y i n f i s h .
Tha higher-frequency a c p o t e n t i a l s of f i s h were, a s mentioned earl i e r , immediately recognixed a s muscle a c t i o n p o t e n t i a l s , The o r i g i n of t h e dc and low-frequency a c f i e l d s was n o t a s r e a d i l y obvious, Yet, a f t e r a few simple measurements, a n o t i o n could be formed about the sources of t h e s e f i e l d s . Recordings from f i s h anaesthetirted i n MS 222 (150 P P~) demons.trated t h a t , i n any c a s e , the dc f i e l d s were n o t r e l a t e d t o muscle a c t i v i t y . Although t h e higher-and low-frequency a o f i e l d s disappeared with t h e r e l a x a t i o n of t h e musculature and the c e s s a t i o n of t h e r e s p i r a t o r y movements, t h e dc p o t e n t i a l s p e r s i s t e d even i n comp l e t e l y a n a e a t h e t i z e d specimens.
As the do p o t e n t i a l s i n t h e head and g i l l regions o f t e n were t h e highest j u s t i n f r o n t of t h e mouth opening and a t t h e g i l l s l i t s , r ee p e c t i v e l y a t t h e f r e e r i m of t h e operculum, i t was l o g i c a l t o extend the p o t a n t i a l measurements t o t h e mouth cavity and t h e pharynx, I n two l i v e specimens of *he t s l e o s t Boops s a l p a , p o t e n t i a l s were recorded up t o + 2.5 mV i n t h e mouth c a v i t y and up t o -7.5 mV i n the pharynx, Moasuremonts on B l e n n i u~ ~a l t o r u~i n e , Gobius spec., and Scorpaena 9orcug
y i e l d e d s i m i l a r r e s u l t s . Also i n t h e s e f i s h , t h e p o t e n t i a l s i n t h e pharynx were i n g e n e r a l n e g a t i v e compared with those i n t h e mouth c a v i t y .
A f t e r a c l o s e examination of t h e p o t e n t i a l d i s t r i b u e i o n , t h e conc l u s i o n seemed t o b e j u s t i f i e d t h a t t h e s t r o n g e l e c t r i c f i e l d s i n t h e mouth c a v i t y and t h e pharynx e i t h e r were generated by the walla of t h e s e c a v i t i e s (mucous membranes and g i l l epithelium), ox wers t h e r e s u l t o f
e l e c t r i c c u r r e n t s l e a v i n g and e n t e~i n g t h e animal p r e f e r e n t i a l l y through these w a l l s b u t having t h e i r o r i g i n somewhere e l s e i n the body.
As a necessary consequence of t h e p o t e n t i a l d i s t r i b u t i o n i n the mouth c a v i t y and t h e pharynx, e l e c t r i c c u r r e n t s must have s t r a y e d o u t through t h e mouth opening and t h e g i l l s l i t s , thereby p a r t i a l l y ox even mainly producing t h e much weaker e l e c t r i c f i e l d s e x t e r n a l t o t h e c e p h a l i c and b r a n c h i a l r e g i o n s of t h e animals. It is interesting that also in this case it was a aucous menbmns that generated the potentials, or, at least, formed part of ths alactsical cZscuiLry as could be ooncluded from the oonfi@uration of t h e f l s l d ,
Originally it was supposed that the low-frequency ac f i e l d 8 occurring in the rhythm of the respiratory movemonts cam% d i r e c t l y from the gill musoles, Some of the measurement^ performed at Banyula, hawevor, made this assumption very doubtful. In the fixst place, during %he rhythmic contraations of the trunk and tail m;usculature no apprsclable low-frequency potential fluctuations were obaemed in addition to the higher-frequency potentials in the sea water adjacent to t h e oarrssponding body regions. Secondly, the respiration mueclss appearad elactrically so well screened that the action potentials of th~aa mueclae were not measurable in the sea water external to the head and giZJ regiane of the animals. Thirdly, low-frequency potential fluotuations oouZd also be obtained by passively moving the gill apparatue o f anaesthetizad specimens. On these gxounde it was ooncluded that the low-frsqusncy ac fields did not arise directly from the respiratory muealea, but reeultad from the rhythmic fluctuations of the resistance ratios produced by the respiratory movements in the existing dc field. In ather wards, it wae supposed that the alternating contractions and expansions af tho mouth c a v i t y a n d t h e pharynx, and t h e opening and c l o s i n g t h e r e s p i r a t o r y v a l v e s modulated t h e e x i s t i n g dc f i e l d and thus produced low-frequency a c f i e l d s .
4. S h a r k s , r a y s , and t h e e l e c t r i c f i e l d s of t h e i r prey
The s h a r k S c y l i o r h i n u s c a n i c u l a and t h e r a y Raja c l a v a t a f e e d o n a l l s o r t s o f bottom f i s h e s , c r u s t a c e a n s , molluscs, and worms (~r . R o b e r t 0 Mizoule, p e r s o n a l communication ) . O f t h e s e animals, t h e h i g h e r f i s h e s (wounded o r n o t ) a n d t h e c r u s t a c e a n s ( o n l y when wounded) produced t h e s t r o n g e s t e l e c t r i c f i e l d s i n t h e s e a w a t e r . I n U t r e c h t , L t had a l r e a d y
been d e m o n s t r a t e d t h a t s h a r k s and r a y s u t i l i z e t h e e l e c t r i c f i e l d s o f
t h e p l a i c e P l e u r o n e c t e s p l a t e s s a i n l o c a l i z i n g t h e i r prey.
To g a t h e r more i n f o r m a t i o n on t h i s s u b j e c t , t h e responses of t h e s h a r k s S c y l i o -
r h i n u s c a n u c u l a a n d S c y l i o r h i n u s s t e l l a r i s t o t h e small bottom f i s h L e p a d o g a s t e r l e p a d o a a s t e r and t o t h e c r u s t a c e a n s Palaemon s e r r a t u s , gt u n u s corrupy,tus, and Paaurus a r r o s o r were b r i e f l y analyzed a t Banyuls. I n t h e f i r s t s e r i e s of t r i a l s , t h e prey was p r e s e n t e d t o t h e s h a r k s s i m p l y by r e l e a s i n g i t on t h e bottom of t h e aquarium. I n a s e c o n d s e r i e s , t h e prey was p l a c e d i n a s m a l l chamber o f which t h e w a l l s a n d t h e roof w e r e made o u t of 56 a g a r i n s e a w a t e r . T h i s chamber was s u p e rf i c i a l l y b u r i e d i n t h e sand on t h e bottom of t h e tank. The a g a r r o o f ,
R o b e r t Mizoule, b i o l o g i s t CNRS, L a b o r a t o i r e Arago, Banyuls-sur-Mer, based h i s d a t a on a n e x t e n s i v e survey of stomach c o n t e n t s i n s h a r k s and r a y s .
I He a l s o made many o b s e r v a t i o n s i n t;he n a t u r a l h a b i t a t of t h e s e a n i m a l s .
I r e i n f o r o e d w i t h foam p l a s t i c , formed a n e x c e l l e n t o p t i c a l , chemical, and mechanical s c r e e n , b u t permitted t h e b i o e l e c t r i c f i e l d s emanating
from t h e prey t o pass through almost w i t h o u t any a t t e n u a t i o n , a s had been proved i n t h e experiments on t h e p l a i c e .
The o n l y specimen of t h e s t r o n g l y e l e c t r o g e n i c f i s h Lepadogaster l e p a d o g a s t e r a v a i l a b l e f o r t h e f i r s t s e r i e s o f experiments, was l o c a t e d and devoured whole by a p a s s i n g shark w i t h i n t h e s h o r t e s t p o s s i b l e time.
Likewise, a n o t h e r Lepadogaster placed i n t h e a g a r chamber immediately e l i c i t e d well-aimed f e e d i n g r e s p o n s e s from s h a r k s coming w i t h i n a d i st a n c e o f about 5 om from t h e prey.
I n t a c t specimens of t h e prawn Palaemon s e r r a t u s ( r e l a t i v e l y weakly e l e c t r o g e n i c ) were found and e a t e n by t h e s h a r k s only a f t e r a l o n g per i o d of time a f t e r b e i n g r e l e a s e d i n t h e e x p e r i m e n t a l tank. The s h a r k s had t o come v e r y c l o s e o r even t o touch t h e prawns b e f o r e they snapped a t them. Prawns t h a t had been damaged a t t h e i r abdomen ( s t r o n g l y e l e ct r o g e n i c ) were, however, l o c a l i z e d by t h e s h a r k s fxom d i s t a n c e s of more
t h a n 5 cm, and consumed w i t h i n a v e r y s h o r t time. A wounded prawn i n a n a g a r chamber appeared t o be as a t t r a c t i v e and as easy t o l o c a l i z e f o r t h e s h a r k s as were t h e wounded specimens which could move f r e e l y throughout t h e aquarium.
The r e s u l t s of t h e experiments w i t h t h e swimcrab Portunus h o l s a t u s , a s f a r they could be c a r r i e d o u t , were analogous t o t h o s e o b t a i n e d w i t h
t h e prawn Palaemon s e r r a t u s .
Abdomens o f h e r m i t c r a b s f r e s h l y s e v e r e d fxom t h e body ( s t r o n g l y
e l e c t r o g e n i c ) were p r e s e n t e d as food, f i r s t uncovered, h a l f b u r i e d i n t h e sand on t h e bottom of t h e aquarium, a n d t h e n enclosed i n a n a g a r ,
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chamber. I n b o t h c a s e s , t h e abdomens were very a t t r a c t i v e t o t h e s h a r k s , $ ;
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Also many weakly e l e c t r o g e n i c animals such a s worms and m o l l u s c s , i
, ' , wounded o r n o t , a n d i n t a c t c r u s t a c e a n s form p a r t of the d i e t of S c y l i o -
r h i n u s c a n i c u l a a n d Raja c l a v a t a . Judging from t h e behavior of t h e and could b e l o c a t e d a c c u r a t e l y from a d i s t a n c e of s e v e r a l c e n t i m e t e r s .
The r e s u l t s o f a l l t h e s e t e s t s c l e a r l y show t h a t b i o e l e c t r i c f i e l d s rl:t, s t i m u l i t h e y produce.
I 1 5. E l e c t r o~h~s i o l o~i c a~ i n v e s t i a a t i o n s p e r t i n e n t t o t h e f u n c t i o n of t h e
--ampullae of L o r e n z i n i I t has been demonstrated e l e c t r o p h y s i o l o g i c a l l y t h a t t h e ampullae of L o r e n z i n i a r e s e n s i t i v e t o t e s t s t i m u l i of q u i t e d i f f e r e n t modalit i e s . I n s h o r t , t h e ampullae appeared even t o respond t o : 1. a temper-
a t u r e change of 0.05 c e n t i g r a d e (Hensel, 1955) , 2. a f o r c e of 1 m g exe r t e d on tlie j e l l y i n t h e ampullary p o r e s (Murray, 1960), 3. an e l e c t r i c f i e l d of 1 uV p e r cm i n t h e surrounding sea water (~u r r a y , 1362) , and / 4. a s a l i n i t y change of t h e s e a water from 3.2 t o 3.3 percent o r v i c e v e r s a (pfurray, 1 9 6 2 ) . Bor d e t a i l s , s e e t h e o r i g i n a l papers.
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Do t h e s e d a t a prove t h a t t h e ampullae of Lorenzini could o p e r a t e a s thermo-, mechano-, e l e c t r o -, and chemoreceptors? I f t h a t i s t h e c a s e , t h e q u e s t i o n a r i s e s as t o whether t h e f u n c t i o n o f t h e s e sense
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emanating from s t r o n g l y e l e c t r o g e n i c prey o r from prey i n a s t r o n g l y ,
. $ .
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e l e c t r o g e n i c s t a t e a r e used by s h a r k s i n searching and l o c a l i z i n g . t h e i r Prom the foregoing it follows that we are still far from u functional assessment of the electrophysiolo$ical data. In the first place, it has not been determined to what extent killing the experimental animal and partial or complete dissection of the ampullae influenced the properties of the sense organs and the way in which the test stimuli acted upon them. In the second place, until recently, no aerious effort had been undertaken to examine systematically the thermal, mechanical, electrical, and chemical stimuli occurring in the natural habitat.
To avoid the difficulties and uncertainties outlined above, I
planned to apply the electrophysiological method in a more direct way,
I
namely,by registering the activity of the ampullary nerve fibers not i n p r e p a r a t i o n s b u t i n l i v e , free-swimming s h a r k s . That means n o t b y f i r s t d e t e r m i n i n g t h e s e n s i t i v i t i e s t o t e a t s t i m u l i and t h e n comparing them w i t h t h e s t r e n g t h s o f t h e n a t u r a l s t i m u l i b u t by having t h e n a t u r a l stimuli a c t d i r e c t l y upon t h e ampullae of L o r e n s i n i .
The n e r v u s ophthalmicus s u p e r f i c i a l i s i n n e r v a t i n g t h e ampullae i n
A s i l v e r -w i r e e l e c t r o d e was s u b c u t a n e o u s l y f i t t e d around one of t h e bund l e s of which t h i s n e r v e i s made up. The e l e c t r o d e was connected t o t h e a m p l i f i e r by a t h i n c a b l e anchored on t h e head of t h e animal. The n e r v e a c t i v i t y was r e g i s t e r e d on a t a p e r e c o r d e r and l a t e r w r i t t e n o u t on a c h a r t r e c o r d e r b o t h d i r e c t l y and a l s o v i a a n i n t e g r a t i n g c i r c u i t .
The e f f e c t & e l e c t r i c f i e l d s on the a c t i v i t y of t h e nervus ophthalmicus s u p e r f i c i a l i s
The n e r v u s ophthalmicus s u p e r f i c i a l i s showed a spontaneous a c t i vi t y c o n s i s t i n g o f numerous, small a c t i o n p o t e n t i a l s and l e s s numerous, l a r g e a c t i o n p o t e n t i a l s . The s m a l l a c t i o n p o t e n t i a l s could be s u p p r e ss e d by weak e l e c t r i c f i e l d s , b u t n o t by water c u r r e n t s d i r e c t e d a g a i n s t t h e head.
Thus, t h e s m a l l a c t i o n p o t e n t i a l s seemed t o r e p r e s e n t t h e a c t i v i t y o f t h e a m p u l l a r y f i b e r s . On t h e o t h e r hand, t h e l a r g e a c t i o n p o t e n t i a l s j u s t responded t o w a t e r c u r r e n t s , b u t n o t t o weak e l e c t r i c f i e l d s which i n d i c a t e d t h a t t h e y had t h e i r o r i g i n from t h e o r d i n a r y
l a t e r a l -l i n e f i b e r s . o n l y be o b t a i n e d by chance becauae of t h e i n t e r m i n g l i n g of ampullary and l a t e r a l -l i n e f i b e r s .
* A l t h o u g h i t w a s p o s s i b l e t o d i s t i n g u i s h t h e two k i n d s of a c t i o n p o t e n t i a l s from each o t h e r , i t was endeavored t o work w i t h l a t e r a l -l i n
Seldom, even i n r e s t i n g animals, was t h e a c t i v i t y of t h e ampullary f i b e r s n i c e l y c o n s t a n t . I n most c a s e s , t h e nerve a c t i v i t y appeared t o b e more o r l e s s modulated i n t h e rhythm of t h e r e s p i r a t o r y movements, most l i k e l y a s a r e s u l t of t h e low-frequency p o t e n t i a l f l u c t u a t i o n s accompanying t h e s e movements ( s e e s e c t i o n 2 ) .
That t h e s e r e s p i r a t o r y v a r i a t i o n s r e a l l y were a l t e r a t i o n s i n t h e a c t i v i t y o f t h e ampullary f i b e r s could b e demonstrated by applying weak, a r t i f i c i a l l y g e n e r a t e d e l e c t r i c f i e l d s . By switching on a s u f f i c i e n t l y s t r o n g dc f i e l d of a p p r o p r i a t e p o l a r i t y a l l nerve impulses were suppressed f o~ s e v e r a l seconds.
I f t h i s f i e l d was l e f t on, t h e n a d a p t a t i o n o c c u r r e d and t h e modulated a c t i v i t y r e t u r n e d g r a d u a l l y . Switching o f f t h e f i e l d
caused a temporary i n c r e a s e i n t h e number o f impulses per second, t h e r e b y masking t h e r e s p i r a t o r y modulations. A f t e r t h i s break response, t h e o r i g i n a l a c t i v i t y l e v e l was r e s t o r e d and t h e r e s p i r a t o r y modulations became a g a i n apparent. It h a s t o be noted t h a t no changes i n t h e amplit u d e s of t h e r e s p i r a t o r y movements could b e observed, n e i t h e r a t t h e beginning n o r a t t h e end of t h e stimulus.
Also w i t h weaker e l e c t r i c f i e l d s , s w i t c h i n g on and o f f had pronounced e f f e c t s on t h e a c t i v i t y of t h e ampullary f i b e r s , b u t without i n f l u e n c i n g t h e r e s p i r a t o r y modulations a s d r a s t i c a l l y . I n o t h e r experiments, t h e e l e c t r i c a l s t i m u l i were a p p l i e d i n a more n a t u r a l way, namely by having a dc f i e l d move r e l a t i v e t o t h e s h a r k o r t h e shark r e l a t i v e t o t h e dc f i e l d , The r e s u l t s of a l l t h e s e experimenta were i n complete conformity t o t h o s e o b t a i n e d p r e v i o u s l y i n Utrecht.
In the most informative trials, the ampullae of Losenzini were directly stimulated by bioelectric fields. fields, the ampullae of Lorenzini bppeared to be completely insensitive to 1. strong water currents directed against the head, 2. strong, fast changing whirlpools just in front of the head, and 3, mechanical vibrations all through the experimental tank. That these mechanical stimuli were, i n f a c t , r e l a t i v e l y s t r o n g , was proved i n c o n t r o l experiments by t h e v i g o r o u s r e a c t i o n s of t h e l a t e r a l -l i n e f i b e r s t o such s t i m u l i * T h e r e f o r e , i t seems t o be j u s t i f i e d t o conclude from t h e e l e c t r o p h y s io l o g i c a l r e s u l t s t h a t t h e ampullae do n o t s e r v e a " d i s t a n t touch" l i k e t h e l a t e r a l -l i n e s e n s e organs, I n l a t e r a l -l i n e f r e e r e g i s t r a t i o n s , responses t o mechanical stimu l i occurred only when t h e s k i n of t h e rostrum came i n t o d i r e c t c o n t a c t w i t h s o l i d o b j e c t s . Conceivably, t h e s e responses r e a l l y r e p r e s e n t e d a mechanical s e n s i t i v i t y of t h e ampullae of Lorenzini. There a r e , howe v e r , o t h e r p o s s i b i l i t i e s r l. t h e a c t i o n p o t e n t i a l s o r i g i n a t e d from the ampullary f i b e r s , b u t t h e ampullae were stimulated by t h e e l e c t r i c a l e f f e c t s accompanying t h e mechanical s t i m u l i as, fox i n s t a n c e , t h e modu l a t i o n products of t h e e x i s t i n g dc f i e l d of t h e shark, 2. t h e a c t i o n p o t e n t i a l s d i d n o t o r i g i n a t e from t h e ampullary f i b e r s b u t from trigemi n a l f i b e r s i n n e r v a t i n g t h e s k i n of t h e rostrum and s e n s i t i v e t o t a c t i l e s t i m u l i . Thus, t h e r e s u l t s of t h e e l e c t r o p h y s i o l o g i c a l i n v e s t i g a t i o n s do n o t y e t exclude a t a c t i l e f u n c t i o n o f t h e ampullae of L o r e n z i n i , a lthough t h e l a t e r a l -l i n e system i s much more s e n s i t i v e t o t a c t i l e s t i m u l i and a l s o t h e t r i g e m i n a l f i b e r s a r e responsive t o them.
It was s t r i k i n g t h a t t h e l a t e r a l -l i n e f i b e r s , i n a d d i t i o n t o t h e i r s e n s i t i v i t y t o water c u r r e n t s , showed themselves t o b e extremely s e n s it i v e t o a l l kinds o f mechanical v i b r a t i o n s . The l a t e r a l -l i n e organa o f t h e rostrum responded n o t only t o v i b r a t i o n s throughout t h e whole exp e r i m e n t a l t a n k , b u t a l s o t o l i g h t s t r o k i n g of t h e d e n t i c l e s of t h e d o r s a l s k i n and t o g e n t l e t a p p i n g of t h e t a i l , The l a t t e r s t i m u l i d i d a p p a r e n t l y n o t move t h e w a t e r r e l a t i v e t o t h e s e n s e organs, but the sense organs relative to the water. It is notable that all these vibrations to which the lateral-line system is so sensitive generally produce vigorous startle responses in dozing sharks, In order to evaluate the functional significance of their sensitivity to vibrations, it would be necessary to know more about the mechanical stimuli that act upon the lateral line in nature, The most direct way to obtain this kind of information is, in my opinion, registering the lateralline nerve-fiber activity of free-swimming sharks in the ocean. In preliminary experiments in Utrecht, it had already been noticed that, when a shark surfaced and thrusted its head completely or partly o u t of t h e water, t h e e l e c t r i c a l a c t i v i t y of t h e nervus ophthalmicus s u p e r f i c i a l i s i n c r e a s e d g r e a t l y , A f t e r a more d e t a i l e d examination, i t appeared t h a t t h i s a c t i v i t y o r i g i n a t e d not only from t h e l a t e r a ll i n e and ampullary f i b e r s , b u t a l s o from t h e r e s p i r a t o r y , trunk, and t a i l musculature.
When t h e head of t h e animal came above t h e water and, thereby, t h e s h o r t c i r c u i t i n g a c t i o n of t h e surrounding sea water was p a r t i a l l y l o s t , s t r a y f i e l d s of muscle a c t i o n p o t e n t i a l s penetrated d i r e c t l y i n t o t h e r e g i s t r a t i o n s a a could be demonstrated by i n s e r t i n g an e l e c t r o d e under t h e d o r s a l s k i n of t h e head without bringing i t i n t o contact w i t h t h e nerve.
It seems t o b e obvious t h a t upon s u r f a c i n g t h e l a t e r a l -l i n e organa were stirnulat ed mechanically. The responses of t h e ampullae o f Lorenz i n i could have been e l i c i t e d e i t h e r by t h e mechanical o r t h e e l e a t r i c a l e f f e c t s of breaking t h e water surface. The e l e c t r i c a l e f f e c t s could a g a i n be explained a s modulation products of t h e e x i s t i n g b i o e l e c t x i c dc f i e l d s of t h e shark i t s e l f . The b e s t place t o measure t h e s t r e n g t h of the e f f e c t s would be d i r e c t l y a c r o s s t h e sensory epithelium of the ampullae of Lorenzini.
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